ABSTRACT Purpose: The purpose of this study is to evaluate the trends in surgical management for anterior shoulder instability in the U.S. Military. Methods: A retrospective analysis of military service members undergoing arthroscopic or open shoulder stabilization from 2012 to 2015 within the U.S. Military Health System was conducted. Demographic and surgical variables were extracted from the medical record. Chi-square and linear regression analysis were performed to identify temporal trends by surgical procedures and concomitant surgery. Associations between demographic variables and surgical procedure were evaluated using logistic regression analysis with odds ratios and 95% confidence intervals. Results: Eight thousand five hundred and eighty nine surgeries were performed for anterior shoulder instability. The arthroscopic Bankart procedure remained the dominant surgical procedure over time (n = 8177, 95.2%), whereas the open Bankart procedure (n = 172, 2.0%) demonstrated a diminishing trend, which was significant on univariate analysis (p = 0.0009), but not statistically significant on linear regression (p = 0.12). Additionally, there was a significant trend toward increased utilization of the Latarjet procedure over the period studied (n = 33, 1.7% -n = 81, 3.56%) (p = 0.009). During the same time period, concomitant superior labrum anterior/posterior repairs decreased (n = 980, 11.4%; p = 0.0045), whereas rates of biceps tenodesis (n = 741, 8.6%; p = 0.05) increased significantly. When analyzing patient age as a continuous variable, increasing age was associated with a significantly higher likelihood of arthroscopic treatment (odds ratio 1.02, 95% confidence interval 1.00-1.03, p = 0.05). Conclusion: The rate of performing an arthroscopic Bankart repair has remained relatively stable as the dominant surgical procedure for shoulder instability in the military patient population. There was a significant trend of increased use of the Latarjet procedure, which likely reflects the recognition of bone loss through use of preoperative advanced imaging and computed tomography with three-dimensional reconstructions. Additionally, there was a significant decrease in adjacent superior labrum anterior/posterior repairs over the study period, followed by a corresponding rise in biceps tenodesis. Level of evidence: level IV.
INTRODUCTION
The incidence of shoulder instability among U.S. Military personnel (1.69 per 1,000 person-years) is considerably higher than the general U.S. population (0.08 per 1,000 person-years).
1,2 Young male military athletes have an incidence of anterior shoulder instability at an order of magnitude greater than the civilian population, with rates as high as 3% per year. 2 Historically, open Bankart repair was considered the gold standard for surgical management of these injuries with excellent outcomes. 3, 4 However, numerous studies demonstrate comparable results and low rates of recurrence with modern arthroscopic techniques. 5, 6 More recently, identification of risk factors for failure of a primary capsulolabral repair, such as "critical" and "subcritical" anterior inferior bone loss and "off track" Hill Sachs lesions combined with glenoid bone loss, are transforming established treatment algorithms, while refining indications for bone-grafting procedures to minimize recurrent instability. [7] [8] [9] [10] Furthermore, the advent and wider availability of three-dimensional computed tomography (CT) reconstruction sequences to better understand glenoid morphology and bone loss have assisted clinicians in determining when a soft tissue repair is indicated versus a bony augmentation surgery. Although the understanding of risk factors for failure of an arthroscopic Bankart has improved, it is unknown to what extent the improved understanding and recognition of bone loss has had on surgical decision-making regarding treatment.
The purpose of this study is to retrospectively review the epidemiology of surgical management of symptomatic anterior shoulder instability in active duty military service members. Additionally, we sought to use this ideal large cohort of predominantly young males to identify trends in surgical management of anterior shoulder instability. We hypothesized that there would be a trend toward more arthroscopic procedures with a corresponding decrease in the incidence of primary open Bankart repairs, as well as increased utilization of anterior bone block augmentation procedures. 
METHODS

Statistical Analysis
Statistical analysis was performed using SAS Software (version 9.4; SAS Institute, Inc., Cary, NC). Chi-square and linear regression analyses were performed to identify temporal trends by surgical procedures and concomitant surgery. Furthermore, the impact of demographic variables on the type of stabilization procedure was evaluated using logistic regression analysis, with a p-value of less than 0.05 deemed statistically significant.
RESULTS
Procedure Type
Over the 4-yr study period between 2012 and 2015, a total of 8,589 anterior stabilization procedures were performed for anterior glenohumeral instability, including 8,177 arthroscopic Bankart repairs (95.2%, Fig. 1 ), 172 open Bankart repairs and/or capsular shifts (2.0%), 231 Latarjet coracoid transfer procedures (2.69%, Fig. 2) , and other anterior bone block stabilization procedures (e.g., fresh distal tibial allograft, autograft, or allograft tricortical iliac crest; 0.27%). (Table I) . Additionally, it is important to note that there was a trend toward decreased utilization of the open Bankart procedure over the period studied (n = 55, 2.9% -n = 36, 1.6%); however, these results did not reach statistical significance on linear regression analysis (p = 0.12).
Associated Procedures
A total of 3,246 associated procedures were performed at the time of index stabilization (Table II) , with superior labrum anterior/posterior (SLAP) repair (n = 980, 11.4%), subacromial decompression (n = 709, 8.3%), and biceps tenodesis (n = 741, 8.6%, Fig. 3 ) listed as the most common procedures. During the study period, there was a significant decrease in rates of adjacent arthroscopic SLAP repair (p = 0.0045) with a concordant increase in biceps tenodesis (p = 0.05).
Demographic Variables
Demographic analysis of the current patient series is listed in Table III . Consistent with the composition of the U.S. Armed Forces, males comprised 92.3% of all service members treated in this study. Furthermore, 68.4% of patients with symptomatic anterior shoulder instability were under the age of 30 yr. When analyzing patient age as a continuous variable, increasing chronologic patient age was associated with a significantly higher likelihood of arthroscopic treatment (odds ratio [OR] 1.02, 95% confidence interval [CI] 1.00-1.03, p = 0.05). 
DISCUSSION
The results of this study indicate that the arthroscopic Bankart repair remains the primary surgical procedure in approximately 95% of all cases of military service members undergoing anterior shoulder stabilization. Over the period studied, there was a significant trend toward increased bone augmentation surgery and a trend toward decreased utilization of the traditional open Bankart procedure, which did not reach statistical significance. In associated procedures, there was significant trend toward increased biceps tenodesis procedures with a decline in adjacent SLAP repairs. Symptomatic anterior shoulder instability is a common source of dysfunction in young athletic individuals, especially in the military setting.
1,2 Arthroscopic capsulolabral repair for the first-time dislocator and for patients with recurrent anterior shoulder instability has shown to be successful. [11] [12] [13] [14] More recently, "critical" and "subcritical" glenoid anteroinferior bone loss, "off track" Hill Sachs lesions, contact and overhead athletes, and inferior shoulder hyperlaxity are variables that have been identified as risk factors associated with failure after a primary Bankart repair. [7] [8] [9] [10] Glenoid bone augmentation procedures such as the Latarjet are becoming increasingly utilized in at-risk shoulder instability populations. Recent evidence has shown moderate shortterm outcomes in high-risk military athletes. 10 Recently, reports of bony augmentation procedures such as the Latarjet for management of recurrent anterior shoulder instability have shown favorable results. Bessiere et al retrospectively compared 93 patients who underwent arthroscopic Bankart versus 93 patients after the Latarjet procedure. 15 At a mean of 6-yr follow-up, 10% of Latarjet patients and 22% of arthroscopic Bankart repairs had recurrent instability, and the Latarjet group, on average, demonstrated higher Rowe Scores, 78 versus 68. Shoulder hyperlaxity and involvement in competitive sports were significantly associated with failure in the Bankart group. Zimmerman et al showed similar results with 11% recurrent instability compared with 41.7% in the arthroscopic Bankart and Latarjet groups, respectively. 16 Additionally, a recent systematic review and metaanalysis of eight studies reported a significantly lower risk of recurrence and redislocation in the outcomes of open Latarjet procedures relative to those of arthroscopic Bankart repairs. 17 Despite the increased risks to neurovascular structures, 18 risk of late development of shoulder arthritis, 19 and the need for an open nonanatomical procedure, the open Latarjet has become a successful alternative to the arthroscopic Bankart repair for at-risk shoulder instability populations. In contrast, evidence exists to support the long-term reliability of the arthroscopic Bankart repair in young athletes. Aboalata et al reported an 18.1% failure rate after an arthroscopic Bankart at a mean of 13-yr follow-up. 6 In a military population, Waterman et al reviewed 3,854 patients who underwent Bankart repair, 84% of which were arthroscopic procedures. The failure rate in this cohort was 13.8%, with 5% of all patients undergoing a revision surgery.
Younger age and open repair were significantly associated with surgical failure. 20 Therefore, the evidence supports that the arthroscopic Bankart repair is still an effective procedure for the young active patient with minimal to no bone loss. The importance of preoperative recognition of "subcritical" and critical bone loss is another variable to explain the trends in management of anterior shoulder instability in the military. Itoi's landmark article changed the management of anterior shoulder instability when he defined 21% as the critical bone loss, which may cause failure after a primary Bankart repair. 21 A more recent study defined 13.5% as a "subcritical" amount of bone loss in an at-risk military shoulder instability population. 9 This evidence led to increased focus on accurate estimation of anteroinferior bone loss in shoulder instability populations. Three-dimensional CT scan became an effective tool to preoperatively measure percentage of bone loss. 22 Advanced imaging modalities such as threedimensional CT scan have allowed better recognition of attritional bone loss, which has likely led to the increased use of bony augmentation procedures in the U.S. Military over the period studied.
Additionally, our results demonstrated that fewer concomitant SLAP repairs were performed over the period studied with a significant increase in biceps tenodesis procedures. This trend may be driven by recent research on high rates of failure for isolated SLAP repairs in the military population. A 2013 study by Provencher et al prospectively enrolled 179 patients undergoing type II SLAP repair at one military treatment facility. Thirty-seven percent of patients had failure with a 28% revision rate. 23 These results resonated throughout the military and likely changed the trends in management. Shortly thereafter, McCormick et al reported on the same cohort of military patients, and the authors evaluated the outcomes of biceps tenodesis after failed type II SLAP repair in 42 patients. 24 Eighty-one percent of patients returned to duty and there was a clinically significant improvement in outcome scores, range of motion and function. More recently, Waterman et al evaluated the minimum 2-yr outcomes of 192 active duty patients who underwent SLAP repair and also found that isolated repair of unstable SLAP lesions and/or increased upper extremity demands is associated with higher failure rates in this population. 25 There are several limitations of this study. First, we are unable to control for other confounding variables such as systemic hyperlaxity, chronicity, number of instability events, bone loss, Hill Sachs lesions, and activity levels. Additionally, our retrospective review does not provide information regarding clinical outcomes, complication profiles, or recurrence rates and/or functional military endpoints with each respective procedure, particularly to correlate outcomes between open and arthroscopic procedures. It should be noted that because CPT coding of procedures in military facilities is often performed by coders, there is potential for inaccuracy in the procedure coding obtained from the military electronic medical record database (AHLTA). Also, procedures were performed at multiple medical centers by many surgical providers, and therefore, there were no preset diagnostic criteria or ability to retrospectively evaluate diagnoses with radiographs or advanced imaging modalities. Furthermore, medical decision-making may reflect surgeon's treatment bias regarding the ideal primary and revision procedures in a high-risk patient population. We theorize that the insignificant trend toward decreased use of the open Bankart procedure may be a by-product of training bias or inadequate exposure during residency or fellowship. Lastly, there are limitations inherent to any retrospective review such as incomplete reporting. However, it should be noted that there were only 16 patients without sex or age information and only 44 patients without a branch of service available in our data review. Therefore, it is unlikely that these small numbers had a significant impact on our results.
CONCLUSIONS
The contemporary rate of performing an arthroscopic Bankart repair has remained relatively stable as the dominant surgical procedure used for shoulder instability in the military patient population. Furthermore, there was a significant trend of increased use of the Latarjet procedure, which likely reflects the recognition of bone loss through use of preoperative advanced imaging and CT with three-dimensional reconstructions. Additionally, there was a significant decrease in
